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FFRE Dusty Plasma Reactor Core 
Cloud Of Dust Grains Are Trapped Electrostatically, 

FF Trajectories Are Controlled Magnetically 
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Building A FFRE 

 Reactor Core Uses Low-Density, Submicron Fissioning Dust Grains  

 Tiny Dust Grains Are Cooled By IR Radiation Alone 

 Moderator Reflects Neutrons To Keep Dust Critical 

 Carbon-Carbon Heat Shield Reflects IR Away From The Moderator. 

 Superconducting Magnets Direct FFs Out Of Reactor.   

 Electricity Is Generated From Heat Shield Coolant 

 Reactor Hole Provides: Heat Escape, FF Escape At 1.7% Light-Speed 

 Adding Neutral Gas To FF Beam Trades Exhaust Velocity For Thrust 
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Mission:  15 yr Round Trip incl. Stay Time (6 mo) 
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Spacecraft/Typical SLS Packaging 

Payload Packaging, hypothetical 12m shroud and ~120mT capacity 
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MSFC CIF FFRE Afterburner Study 
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- Magnetic Nozzle 

Afterburner H2 

Injector 

Reactor 

Shadow Shield 

Reactor Power: 2500 MW 
Mass Flow: FF  0.25 lbm / hr  
  H2:  145 lbm / hr  
Total Thrust:  1046 lbf 
Specific Impulse: 32,000 sec        
Phoebus 2A operated at 4100 MW for 10 min - 1968 

Produces 0.20 inch cube of radioactive material per hour 

Raises 10m dia x 300m borehole from vacuum to 0.05psi 

CIF FFRE Baseline Configuration 
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NIAC: Jupiter Mission CIF: Mars Mission 

   

Study Vehicle Concept Comparison 
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Habitat 
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Brayton 
Generators

Attributes CIF NIAC

Reactor Power (MW) 2,500 1,000

FFRE Mass Augmented Yes No

Thrust (lbf) 1046 10

Specific Impulse (s) 32,000 527,000

Nuclear Fuel Mass (mT) 1.5 8.0

Afterburner Gas Mass (mT) 350 0

Total Radiator Area (m2) 22,791 6,076

Attributes CIF NIAC

Vehicle Wet Mass (mT) 1082 303

Dry Mass (mT) 566 295

Payload Mass (mT) 170 60

Overall Length (m) 282 120

Overall Span (m) 205 62

Vehicle Acceleration (milli-g) 0.440 0.015

Mission Duration-1 Way (d) 104 2664



To Mars With Mass Augmented FFRE 

10 

Interplanetary
(Red lines indicate thrust direction)
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Mars Architecture Comparison 
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Direct Mars Entry 

Deep Space Duration: 
~ 230 days 
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Integrated System
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CONCLUDING REMARKS 
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 FFRE is CREDIBLE using today’s physics and ordinary engineering 

 Today’s FFRE is very inefficient (Ford Model T engine vs.latest Mustang V-6).  

MUCH REMAINS TO BE EXPLORED THAT CAN IMPROVE PERFORMANCE. 

 FFRE-propelled spacecraft can carry a heavy payload to any solar system 

destination and swiftly return with NO REASSEMBLY REQUIRED.  

THIS MAKES FFRE-PROPELLED SPACECRAFT TRULY GAME 

CHANGING FOR HUMAN SPACE EXPLORATION. 

 FFRE Roadmap  

robert.o.werka@nasa.gov 

Fissioning Single Grain Charging 
Dust Cloud Containment 

 
FF Escape from Sub-Critical Cloud 
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